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LDLR gene polymorphism (rs688) affects 
susceptibility to cardiovascular disease in end-
stage kidney disease patients
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Abstract 

Background:  The low-density lipoprotein receptor (LDLR) plays a significant role in maintaining the cellular choles‑
terol homeostasis. Mutations in the LDLR gene can lead to a significant rise in plasma LDL levels that may result in 
an increased risk of atherosclerosis and coronary heart disease. The purpose of this study was to assess the potential 
association of the LDLR rs688 polymorphism with cardiovascular disease (CVD) in patients with end-stage kidney 
disease (ESKD) undergoing hemodialysis.

Methods:  In this case-control study the polymorphism was genotyped by the allele specific PCR method in 800 
patients with ESKD and 500 healthy controls. The genotype and allele distribution was compared in subgroups of 
patients with CVD (552) versus those without CVD (248).

Results:  A significant difference was observed in genotype distribution among ESKD patients and healthy con‑
trols. The frequencies of the T allele and TT genotype in ESKD group were significantly higher, with OR (95% CI) 2.2 
(1.87–2.6), p <  0.0001 and 5.84 (3.94–8.65), p <  0.0001, respectively. In the he ESKD cohort the distribution of the rs688 
was compared between CVD+ and CVD- subgroups. A strong association of the polymorphism with the CVD risk was 
observed in this analysis. The frequencies of the T allele and TT genotype were significantly higher in CVD+ subgroup, 
with OR (95% CI) 3.4 (2.71–4.26), p <  0.0001 and 13.2 (7.87–22.09), p <  0.0001, respectively. A multivariate logistic 
regression analysis was performed to estimate the association between rs688 T variant and risk of CVD. After adjust‑
ment for age, sex, BMI, hypertension and diabetes, both CT and TT genotypes were associated with an increased risk 
of developing CVD in the dominant, recessive and codominant models of inheritance. No significant differences in 
serum LDL cholesterol levels were found when compared between genotypes.

Conclusions:  The present study is the first to demonstrate the association of the LDLR gene polymorphism with 
increased susceptibility to cardiovascular disease in ESKD patients. This finding needs further investigation to confirm 
that LDLR rs688 might be a novel genetic risk factor with some prognostic capacity for CVD in ESKD patients.
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Background
Cardiovascular disease (CVD) is a common cause of 
death in maintenance dialysis patients. In the United 
States it accounts for about 45% of reported deaths in 
this patient population [1]. Dialysis patients have a 10 to 
30-fold higher incidence of cardiovascular death com-
pared to general population [1, 2]. This high prevalence 
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of CVD and increased mortality rate in the population 
of dialysis patients can only in part be explained by tra-
ditional cardiovascular risk factors such as age, obesity, 
hypertension, hyperglycemia or hyperlipidemia [3, 4]. 
Although the candidate gene approach and genome-wide 
association studies have successfully identified CVD sus-
ceptibility genes, such studies in chronic kidney disease 
patients are limited [5, 6].

The low-density lipoprotein receptor (LDLR) is a cell 
surface glycoprotein involved in binding and uptake 
of plasma LDL particles from the blood circulation by 
receptor-mediated endocytosis. It significantly contrib-
utes to cellular cholesterol homeostasis [7]. Polymor-
phic variants in the LDLR gene can induce a significant 
increase in plasma LDL levels, associated with a higher 
risk of atherosclerosis and coronary heart disease 
[8]. There are numerous mutations of the LDLR gene 
described that influence exons, splicing sites and the pro-
moter regions. Some of these variants have been reported 
to cause familial hypercholesterolemia [9]. LDLR pro-
teins are encoded by the 45 kb long LDLR gene consisting 
of 18 exons and located on chromosome 19 (19p13) [10].

A single nucleotide polymorphism (SNP) rs688, located 
in LDLR exon 12, is linked with low-density lipoprotein 
cholesterol and coronary artery disease (CAD), inde-
pendently on gender [11]. The TT genotype of rs688 has 
shown association with hyperlipidemia [12] and with 
higher total and LDL-cholesterol levels [13, 14]. This syn-
onymous SNP disrupts a splicing enhancer, causing an 
alternative exon splicing, which can result in a shift in the 
reading frame and altered gene transcript [13].

In this preliminary retrospective study we aimed to 
assess the potential association of the LDLR rs688 poly-
morphism with a risk of cardiovascular disease in hemo-
dialysis patients with end-stage kidney disease (ESKD).

Methods
Patients and controls
The case-control study population consisted of 800 
unrelated, adult patients with end-stage kidney disease 
(ESKD). Genomic DNA for this retrospective study was 
isolated from subjects treated with hemodialysis at the 
University Hospital and dialysis center of Medical Uni-
versity of Lublin between 2006 and 2019. All patients 
were Caucasians. Chronic kidney disease was diagnosed 
according to KDOQI (Kidney Disease Outcomes Qual-
ity Initiative) definition. According to KDOQI, ESKD 
was defined as estimated glomerular filtration rate 
(eGFR) < 15 ml/min/1.73 m2 associated with clinical signs 
of uremic syndrome, requiring dialysis. ESKD patients 
with dialysis duration less than 6 months, with diagnosed 
primary or secondary immunodeficiencies, on immuno-
suppressive therapy, with current pregnancy, malignancy 

and active systemic infection were excluded from the 
study. This was done to ascertain that all included 
patients have well defined disease phenotype. Some of 
the mentioned comorbidities could represent confound-
ing factors and potentially affect the results. Cardiovas-
cular disease was diagnosed in 552 patients (69%). All 
patients had the CVD diagnosis already established at 
the time of DNA sample collection. Cardiovascular dis-
ease was diagnosed as one or the combination of several 
pathological states: congestive heart failure, left ventricu-
lar hypertrophy, angina pectoris, ischemic heart disease, 
myocardial infarction, ischemic cerebral stroke. Clini-
cal manifestations of CVD were confirmed by appropri-
ate biochemical, radiographic, echocardiographic and 
vascular diagnostic criteria. A total of 539 patients were 
hypertensive and receiving antihypertensive medica-
tions. They fulfilled the World Health Organization cri-
teria for hypertension. Hypertension was defined as a 
systolic blood pressure ≥ 140 mmHg and diastolic blood 
pressure ≥ 90 mmHg and ongoing treatment with antihy-
pertensive medications. A complete medical history, lab-
oratory determinations and physical examination were 
reviewed for all patients.

Apparently healthy individuals (n  = 500), randomly 
recruited mainly among Medical University of Lublin 
hospital staff and blood donors who underwent health 
examination, were enrolled as a control group. All had 
normal ECG and no clinical evidence of CVD. The con-
trol subjects had no past history of kidney disease and 
underwent regular health examination. Their serum cre-
atinine levels were tested before enrollment. Those with a 
positive family history of renal or cardiovascular disease 
in first-degree relatives were excluded from the study. 
After a full explanation of the study, a written informed 
consent for participating in this study was obtained from 
all patients and controls. The research protocol of the 
study was approved by the Ethics Committee of the Med-
ical University of Lublin. The investigation conforms to 
the principles of the Declaration of Helsinki.

Determination of LDLR rs688 genotype
Ten ml of peripheral whole blood were collected from 
each subject. Genomic DNA was isolated from leuko-
cytes by the standard procedure. DNA concentration and 
purity of obtained samples were determined using Nano 
Drop 2000 (Thermo Scientific USA). DNA samples were 
stored at -70 °C before use. The rs688 polymorphism in 
the LDLR gene was detected through amplification of 191 
bop DNA target by allele-specific polymerase chain reac-
tion (PCR). The PCR reaction volume was 30 μl, contain-
ing 100 ng of genomic DNA, 10 x Taq buffer with KCL 
and 15 mM MgCl2, 200 mmol/l of each dNTP, 0.35 μl of 
forward primer and 0.30 μl of reverse primer and 2 U of 
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Taq polymerase (all reagents from Thermo Scientific). For 
each DNA sample two reactions were set up, with F1 or 
F2 primer, each paired with reverse primer. The sequence 
of specific primers was: F1 (forward 1) primer 5′- CAC​
TCC​ATC​TCA​AGC​ATC​GAT​GTC​AAC - 3′, F2 (forward 
2) primer 5′- CAC​TCC​ATC​TCA​AGC​ATC​GAT​GTC​
AAT - 3′ and reverse primer 5′- CAA​CCA​GTT​TTC​TGC​
GTT​CAT​CTT​G − 3′ as reported earlier [12]. Slightly 
modified conditions for PCR reactions were applied: 
initial denaturation step at 95 °C for 5 min, followed by 
35 cycles of denaturation at 95 °C for 30 s, annealing at 
67 °C for 1 min and extension at 72 °C for 1 min. Ampli-
fication ended with a final extension step at 72 °C for 
10 min. The resulting fragments were separated by elec-
trophoresis on a 2% agarose gel with ethidium bromide. 
The length of the PCR product was 191 bp for both C and 
T allele (Fig.  1). Genotyping was blinded with respect 
to case-control status of the sample. The validation of 
genotyping was assessed by using double PCR reactions 
for 20% of random samples. Also, 20 randomly selected 
samples for each genotype were sequenced in CEQ 8000 
Genetic Analysis System (Beckman Coulter, England) to 
confirm the correctness of genotype reading in agarose 
gel. A 100% concordance was observed between genotyp-
ing assays.

Statistical analysis
Statistical calculations were executed using SPSS ver-
sion 14.0 for Windows (SPSS, Inc., Chicago, IL. USA). 
For baseline descriptive data, the values of normally 

distributed variables are expressed as mean ± standard 
deviation (SD) or percentages as required. For com-
parisons of discrete and continuous variables between 
groups Student’s t-test and Mann-Whitney test were 
used. Potential deviation from Hardy-Weinberg bal-
ance was assessed using a chi-square goodness-of-fit 
test with 1 degree of freedom. The LDLR rs688 genotype 
distribution and allele frequencies in study groups were 
compared using a Pearson chi-square test of independ-
ence. For significant allelic and genotypic associations in 
different genetic models, the adjusted odds ratios (OR) 
with corresponding 95% confidence intervals (CI) were 
estimated. Non-risk allele or genotype were used as a 
reference. A multivariate logistic regression analysis was 
carried out to investigate the genotype impact and clini-
cal profile associated with CVD risk in dialyzed patients 
and to verify the independence of the associations. ORs 
were adjusted for age, sex, BMI, hypertension and diabe-
tes mellitus. Power estimations based on allele frequen-
cies were done utilizing the program of Purcell et al. for 
case-control study, available at http://​pngu.​mgh.​harva​rd.​
edu/​~purce​ll/​gpc/. For all two-sided tests the level of sta-
tistical significance of differences was set at p <  0.05.

Results
A total of 800 hemodialyzed patients with ESKD were 
successfully genotyped with the rs688 polymorphism in 
the LDLR gene. There were 425 males with a mean age of 
61.2 years and 375 females with a mean age of 64.3 years. 
The most frequent primary kidney diseases diagnosed in 

Fig. 1  LDLR rs688 (C/T) polymorphism in the allele-specific PCR assay. A 191 bp DNA fragment indicates the presence of the allele in the sample. In 
each pair of reactions sample 1 represents C allele and sample 2 represents T allele. Legend: pUC19 DNA/Msp I (Hpa II) Marker. Genotypes: pair 1, 2, 
4 - CT, pair 3 - CC, pair 5 - TT

http://pngu.mgh.harvard.edu/~purcell/gpc/
http://pngu.mgh.harvard.edu/~purcell/gpc/
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this group were: chronic glomerulonephritis (16%), dia-
betic nephropathy (27%) and interstitial nephritis (12%). 
A total of 552 patients were diagnosed with cardiovas-
cular disease. In the control group of 500 healthy indi-
viduals there were 278 males (mean age 58.3) and 222 
females (mean age 56.5). After validation of the genotyp-
ing procedure, there was a 100% concordance between 
genotypes obtained by PCR and those from sequencing. 
The comparison of clinical and laboratory characteristics 
of CVD+ and CVD-subgroups is presented in Table  1. 

No significant differences between CVD+ and CVD- 
subjects were observed in gender distribution, years on 
dialysis, total cholesterol and serum creatinine levels. 
Individuals in CVD+ subgroup showed greater preva-
lence of diabetes and hypertension (both p <  0.001).

The frequencies of the rs688 genotypes (CC, CT and 
TT) among ESKD patients and controls are presented 
in Table 2. There was a slight deviation from the Hardy-
Weinberg equilibrium in the control group (χ2 = 4.219, 
p  = 0.039) and no deviation in ESKD patient group 
(χ2 = 2.89, p = 0.089). The minor (T) allele frequency in 
the healthy population involved in this study was 32%. A 
statistically significant difference was observed in geno-
type and allele distribution among ESKD patients and 
healthy controls. In the ESKD group the frequencies of 
the T allele and TT genotype were significantly higher 
than in healthy subjects, with OR (95% CI) 2.2 (1.87–2.6), 
p <  0.0001 and 5.84 (3.94–8.65), p <  0.0001, respectively.

The ESKD patient cohort was analyzed according to 
the presence or absence of CVD and the distribution of 
the rs688 polymorphism was compared between the 
CVD+ and CVD- subgroups (Table  3). The significant 
differences were observed in this analysis. There was a 
strong association of the T allele and TT genotype with 
the presence of cardiovascular disease in ESKD patients. 
The frequencies of the T allele and TT genotype were sig-
nificantly higher in the CVD+ subgroup, with OR (95% 
CI) 3.4 (2.71–4.26), p  <   0.0001 and 13.2 (7.87–22.09), 
p <  0.0001, respectively. At the T allele frequency 0.30 in 
CVD- subgroup and 0.60 in CVD+ subgroup, the statis-
tical power for this comparison was 100%.

Table 1  Demographic and clinical profile of ESKD patients 
according to the presence or absence of CVD

Values are presented as mean ± SD or numbers (%). ESKD, end-stage kidney 
disease. CVD Cardiovascular disease, BMI Body mass index. SBP Systolic blood 
pressure, DBP Diastolic blood pressure. Variable values determined by Student’s 
t-test for continuous and Mann Whitney test for discrete variables

Variables ESKD CVD+ ESKD CVD- p value

N 552 248

Gender (M/F) 306/246 119/129 0.053

Age at study (years) 67.4 ± 14.2 58.3 ± 15.3 < 0.001

Years on dialysis 4.8 ± 2.9 5.1 ± 3.6 0.210

Diabetes mellitus (%) 198 (36) 55 (22) 0.001

Hypertension (%) 420 (76) 119 (48) < 0.001

BMI (kg/m2) 27.2 ± 5.3 25.9 ± 5.1 0.001

SBP (mmHg) 146 ± 9 143 ± 11 <  0.001

DBP (mmHg) 83 ± 7 81 ± 12 0.003

Total cholesterol (mmol/l) 4.7 ± 2.3 4.8 ± 1.7 0.539

HDL cholesterol (mmol/l) 1.2 ± 0.4 1.3 ± 0.5 0.002

Triglycerides (mmol/l) 1.8 ± 0.9 1.6 ± 0.9 0.004

Serum creatinine (μmol/l) 761 ± 147 782 ± 164 0.072

Table 2  Genotype and allele distribution of rs688 polymorphism in the LDLR gene in ESKD patients and controls

ESKD, end-stage kidney disease.. LDLR, low density lipoprotein receptor. MAF, minor allele frequency. Genotype distribution is shown as numbers (%). Hardy-Weinberg 
equilibrium: χ2 = 4.219, p = 0.039 for control group; χ2 = 2.890, p = 0.089 for ESRD patients. aCalculated versus CC genotype

Genotypes MAF OR (95% CI)

N CC CT TT T allele TT genotypea

ESKD patients 800 184 (23) 424 (53) 192 (24) 0.50 2.2 (1.87–2.6) 
p < 0.001

5.84 (3.94–8.65) p < 0.001

Controls 500 224 (45) 236 (47) 40 (8) 0.32 ref. ref.

Table 3  Genotype and allele distribution of rs688 polymorphism in the LDLR gene in subgroups of ESKD patients

ESKD End-stage kidney disease. LDLR Low density lipoprotein receptor. CVD Cardiovascular disease. MAF Minor allele frequency. Genotype distribution is shown as 
numbers (%). aCalculated versus CC genotype

Genotypes MAF OR (95% CI)

N CC CT TT T allele TT genotypea

ESKD CVD+ 552 60 (11) 326 (59) 166 (30) 0.60 3.40 (2.71–4.26) 
p < 0.0001

13.2 (7.87–22.09) p < 0.0001

ESKD CVD- 248 124 (50) 98 (39) 26 (11) 0.30 ref. ref.
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A multivariate logistic regression analysis was per-
formed to estimate the association between rs688 T vari-
ant and risk of CVD. Table  4 shows distribution of the 
LDLR rs688 polymorphism in CVD+ and CVD- patient 
subgroups, according to dominant, recessive and codom-
inant models of inheritance. After adjustment for age, 
sex, BMI, hypertension and diabetes, the T allele, in both 
CT and TT genotypes, was associated with an increased 
risk of developing CVD in all models of inheritance 
(Table 4).

In our analysis no statistically significant differences in 
serum LDL cholesterol levels were found when compared 
between genotypes (data not shown).

Discussion
Cardiovascular disorders are one of the main compli-
cations in chronic kidney disease, but the causes of the 
excess of cardiovascular complications are not clear.

A high percentage of cardiovascular disease in the 
ESRD patient population suggests the presence of a large 
number of risk factors. In addition to the classical risk 
factors common for the general population, there are 
numerous non-traditional risk factors, associated with 
renal insufficiency and renal replacement therapy, like 
chronic inflammation or increased oxidative stress. All 
these factors are inadequate for a full understanding of 
increased risk for CVD.

The genetic background is an important element of 
multifactorial pathology of cardiovascular disease. Thus, 
analyzing new candidate genes in CVD, even those with 
moderate effect, can lead to discovery of yet unknown 
genetic risk factors.

At present, the literature on a role of LDLR gene 
polymorphisms in human diseases is sparse, but the 
association of these variants with atherosclerosis and 

cardiovascular disease is already documented in several 
studies. The genome-wide association studies identified 
common variations at LDLR locus, strongly associated 
with proatherogenic lipid profile and cardiovascular dis-
ease [15]. According to previous findings, a minor allele 
(T) of the rs688, a coding synonymous SNP in exon 12 
of LDLR, was associated with increased plasma LDL 
cholesterol levels in several populations. It was found to 
decrease the efficiency of exon 12 splicing [13]. Both the 
T allele and TT genotype increase the risk of coronary 
artery disease [11, 12].

Among several factors contributing to atherosclerosis 
and cardiovascular disease in ESKD population is dys-
lipidemia. Serum cholesterol and LDL concentrations 
are usually within or below the normal range in hemodi-
alysis ESKD patients. Elevation of these levels in patients 
on peritoneal dialysis may be in part caused by acquired 
LDL receptor deficiency. There are no reports published 
on the effects of LDLR gene polymorphisms on CVD in 
chronic kidney disease patients. To the best of our knowl-
edge, this study is the first to assess the association of the 
LDLR rs688 polymorphism with cardiovascular disease 
in a population of end-stage kidney disease patients. 
We selected this variant because of its well documented 
associations with changes in lipid profile and cardiovas-
cular disease. The frequency of the risk allele (T) in our 
healthy control group was 32%. It was lower than 41% 
(p < 0.0001) in another European population. However, in 
that report individuals in control group had normal coro-
nary arteries but had other cardiovascular disorders like 
valvular heart disease [11].

We observed a statistically significant difference in the 
rs688 distribution between ESKD patients and healthy 
controls. In the ESKD group the frequencies of the T 
allele and TT genotype were significantly higher, with 

Table 4  Distribution of the LDLR rs688 polymorphism according to the model of inheritance

LDLR Low density lipoprotein receptor. CVD Cardiovascular disease. Genotype distribution is shown as numbers (%). Odds ratio is referred to aCC homozygote and 
bCC + CT genotypes

LDLR rs688 CVD+ subgroup CVD- subgroup OR (95% CI) p value
C / T genotypes (n = 552) (n = 248)

Codominant model

  CC 60 124 ref. –

  CT 326 98 6.87 (4.69–10.07)a < 0.0001

  TT 166 26 13.19 (7.87–22.09)a <  0.0001

Dominant model

  CC 60 124 ref. –

  CT + TT 492 124 8.2 (5.68–11.82)a < 0.0001

Recessive model

  CC + CT 386 222 ref. –

  TT 166 26 3.67 (2.35–5.73)b < 0.0001
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OR (95% CI) 2.2 (1.87–2.6) and 5.84 (3.94–8.65), respec-
tively. We compared a distribution of the rs688 polymor-
phism between CVD+ and CVD- individuals within the 
ESKD group. The results indicated that there is a strong 
association of the T allele and TT genotype with the 
presence of cardiovascular disease, with the frequencies 
of the T allele and TT genotype significantly higher in 
CVD+ subgroup, with OR (95% CI) 3.4 (2.71–4.26) and 
13.2 (7.87–22.09), respectively. The study was sufficiently 
powered for this analysis. This result is in agreement with 
another European study, that compared the distribution 
of LDLR rs688 polymorphism in 692 CAD patients and 
291 CAD free individuals. The carriers of rs688 T allele 
were more frequent among CAD patients and the T allele 
remained an independent risk of CAD after adjustment 
for all traditional risk factors including lipid profile [11]. 
There are also other studies reporting the association of 
LDLR gene polymorphisms with cardiovascular disor-
ders. In an Indian study of 200 patients with coronary 
artery disease and 200 healthy controls, the TT genotype 
and T allele of rs688 were associated with an increased 
susceptibility to CAD. The authors observed that over 
3- and 0.74-fold increase of risk of developing CAD 
were associated with TT genotype and T allele in stud-
ied population. They concluded that LDLR rs688 gene 
variant can be used as a predisposing genetic marker for 
coronary artery disease [12]. Another study from India 
reported the association of two other LDLR gene poly-
morphisms (rs5925 and rs1529729) with susceptibility to 
coronary artery disease [15].

Several studies have investigated whether common 
polymorphisms in the LDLR gene contribute to individ-
ual variations in serum lipid concentrations. Although, 
in a previous study the LDLR rs688 polymorphism was 
associated with plasma lipids [16], we did not find any 
significant association of this polymorphism with lipid 
variables in our studied population. This is in agree-
ment with a study of Martinelli et al. [11]. The Mexican 
study analyzed the association between ApoE isoforms 
and the SNP rs688 in the LDLR gene with CVD risk fac-
tors in women. An association was observed between 
ApoE4 isoform with TT or CT genotypes of the rs688 
SNP and high levels of LDL-cholesterol. However, this 
effect was the result of ApoA4 isoform presence, since 
no association was found between rs688 alone and 
LDL-cholesterol level [17]. This suggests that LDLR 
polymorphism may be associated with cardiovascular 
disease beyond the lipoprotein metabolism pathway. 
Although the effect of any single polymorphism in 
common diseases is rather small, the rs688 polymor-
phism in the LDLR gene seems to be one of potential 
risk factors in development of cardiovascular disease in 
ESKD patients. An interaction with some other genes 

might affect the association leading to underestimation 
or overestimation of a role of polymorphism in deter-
mining the phenotype. Further studies are needed in 
this direction.

As most of the studies with the case-control design, 
this study has some limitations. Although our results 
demonstrated a significant association of the LDLR rs688 
polymorphism with chronic kidney disease itself and 
with cardiovascular disease in ESKD group of patients, 
they should be interpreted with caution. There is no vali-
dation cohort available at this point. Since it is a retro-
spective case-control study, the data may be influenced 
by a selection bias that cannot be excluded. To limit this 
possibility, the consecutive patients were included. Also, 
although we tried to adjust for known confounding risk 
factors, some comorbidities present in the end-stage 
kidney disease patient population might still represent a 
confounding factor.

Those might involve the residual kidney function 
affecting a CVD development in ESKD patients but 
unfortunately we did not have enough data to analyze 
this factor in our study.

Conclusion
The present study is the first to demonstrate the associa-
tion of the LDLR gene polymorphism with increased sus-
ceptibility to cardiovascular disease in end-stage kidney 
disease patients. This finding should stimulate further 
investigation to confirm that LDLR rs688 polymorphism 
might be a novel genetic risk factor with some prognostic 
capacity for CVD in ESKD patients.
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